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CONTROLLABLE LIQUID DISPENSING 
DEVICE 

FIELD OF THE INVENTION 

The present invention relates to a dispensing device for 
various liquids, and more particularly to a liquid dispensing 
device which allows precise control over the amount of 
liquid dispensed. 

BACKGROUND OF THE INVENTION 

Several types of prior art dispensing Systems are used for 
dispensing metered amounts of liquid or paste for a variety 
of applications. One Such application is in the assembly of 
printed circuit boards and integrated circuit chips. Dispens 
ing Systems are used in this application for the process of 
encapsulating the integrated circuits with an encapsulant 
material and in the process of under filling flip integrated 
circuit chips with an encapsulant. Prior art dispensing Sys 
tems are also used for dispensing dots or balls of liquid 
epoxy or Solder onto circuit boards and integrated circuits. 
The liquid epoxy and Solder is primarily used to connect 
components to a circuit board or within an integrated circuit. 
The dispensing Systems described above include those 
manufactured and distributed by Camelot Systems, Inc., the 
assignee of the present invention under the name CAM/ 
ALOTCE). 

In a typical dispensing System, a pump and dispenser 
assembly is mounted to a moving assembly for moving the 
pump and dispenser assembly along three mutually orthogo 
nal axes (x, y, z), by servomotors controlled by a computer 
System or controller. To dispense a dot of liquid on a circuit 
board or some other Substrate at a desired location, the pump 
and dispenser assembly is moved along the horizontal X and 
y axes until it is located over the desired location. The pump 
and dispenser assembly is then lowered along the vertical Z 
axis until the nozzle is at an appropriate height over the 
Substrate. The pump and dispenser assembly dispenses a dot 
of liquid, is then raised along the Z axis, moved along the X 
and y axes to a next desired location, and is lowered along 
the Vertical Z axis to dispense the next liquid dot. 

In dispensing applications Such as the ones described 
above, the accuracy of the Volume of liquid dispensed by the 
System is an important feature of the System. In one prior art 
dispensing System, the pump and dispenser assembly 
includes an auguring Screw housed in an auguring chamber 
within a dispenser housing. The auguring Screw is rotated 
within the chamber to provide a controlled amount of liquid. 
The pump and dispenser assembly has a nozzle for dispens 
ing material onto a Substrate. The liquid to be dispensed by 
the pump and dispenser assembly is contained in a vertical, 
cylindrical Syringe Supported to the dispenser housing by a 
bracket, the top of the Syringe is covered by a top piece 
having clamps providing a pressure tight Seal between the 
Syringe and the top piece. The top piece includes an adaptor 
for coupling to an air line to receive pressurized air. 

The prior art dispensing Systems described above are 
effective in dispensing material onto a Substrate, however, it 
is desirable to have a dispensing System having greater 
precision in controlling the amount of material to be dis 
pensed. 

SUMMARY OF THE INVENTION 

Embodiments of the present invention provide an appa 
ratus and method for dispensing a controlled amount of 
material onto a Substrate. 
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2 
In accordance with one embodiment of the present 

invention, a liquid dispensing System includes a material 
control device which cooperates with a Switching device and 
a Sealing device contained within a Standard dispensing 
chamber. A Standard power control System, Such as a 
Servomotor, in communication with the material control 
device, is used to Selectively adjust the position of the 
material control device to dispense a controlled amount of 
material. When the Sealing device is in a first position and 
the material control device is compressed a predetermined 
amount, a vacuum is created which draws material into the 
dispensing chamber. The material remains within the dis 
pensing chamber as the Sealing device in the first position 
Seals an opening leading to a dispensing tip. After a prede 
termined amount of material is drawn into the dispensing 
chamber, the Switching device moves the Sealing device to 
a Second position. This creates a Seal to prevent further 
material from entering into the dispensing chamber. In this 
Second position, the Sealing device allows material to exit 
through the opening at the dispensing tip. By expanding the 
material control device, the material within the dispensing 
chamber is forced out the opening of the dispensing tip. In 
this manner, the precise amount of material to be dispensed 
onto the Substrate can be controlled. 

In another embodiment, the material control device 
includes a Screw and piston System. The piston has an 
opening in one portion thereof to be received by the Screw 
by corresponding engagement teeth. AS the piston mates 
with the Screw, it is drawn away from the dispensing 
chamber. The Screw can be disengaged from the piston by a 
reverse turning action on the Screw. 

In another embodiment, the Switching device is a pneu 
matic cylinder which is connected to the head of the Sealing 
device which may protrude from the dispensing device. 

In another embodiment, the dispensing device includes a 
retainer, having tapered edges to meet and Seal with a first 
Sealing portion of the Sealing device when the Sealing device 
is in the first position. 

In another embodiment of the present invention, the 
Switching device has a failsafe position to prevent leaks of 
material from the dispensing device by ensuring that the 
Sealing device remains in a closed position over the dis 
pensing tip. 

In yet another embodiment, an adjustment means is 
provided at the base of the dispensing chamber which allows 
for adjusting the length of the opening for the dispensing tip. 

BRIEF DESCRIPTION OF THE DRAWINGS 

For a better understanding of the present invention, ref 
erence is made to the drawings which are incorporated 
herein by reference and in which: 

FIG. 1 is a drawing of the dispensing System in accor 
dance with one embodiment of the present invention; 

FIG. 2 is a croSS-Sectional view of a material control 
device used in embodiments of the present invention; 

FIG. 3 is a croSS-Sectional view of a dispensing device and 
a Switching device used in embodiments of the present 
invention; 

FIG. 4A illustrates a sealing device used in embodiments 
of the present invention in an initial purge position; 

FIG. 4B illustrates the sealing device and material control 
device cooperating in a first position to draw material into 
the dispensing device, and 

FIG. 4C illustrates the material control device and the 
Sealing device cooperating in a Second position to force 
material through a dispensing opening in the dispensing 
device. 
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DETAILED DESCRIPTION 

For purpose of illustration, the present invention will now 
be described with reference to a dispensing System which is 
used to dispense Viscous materials onto a Substrate. One 
skilled in the art will appreciate, however, that embodiments 
of the present invention are not limited to dispensing Sys 
tems that dispense Viscous materials onto Substrates, but 
rather, the dispensing apparatus and methods in accordance 
with the embodiments of the present invention may be used 
in other applications requiring dispensing of a controlled 
amount of material from a container. 

Referring now to FIG. 1, a controllable liquid dispensing 
system 10 in accordance with one embodiment of the 
present invention is shown. The liquid dispensing System 10 
comprises a power control System 12 connected with a 
material control device 14 which is connected to a dispenser 
device 16. The material control device 14 cooperates and 
interacts with the dispenser device 16 to deliver a controlled 
Volume of material through a dispensing tip 22 and onto a 
substrate (not shown). Within the dispensing device 16, 
there is present a Sealing device 20 which is connected to a 
Switching device 18. By means of Standard timing and 
control Systems known in the art, the Switching device can 
move the sealing device 20 from a first position which 
allows material to enter into the dispensing chamber, but not 
exit the dispensing tip 22, and into a Second position in 
which material is prevented from entering into the dispens 
ing chamber, but may exit through the dispensing tip 22. The 
material is drawn into the dispensing chamber when the 
Sealing device is in the first position by a vacuum created in 
the dispensing chamber by the material control device. The 
power control System 12 is a Standard control System as is 
known in the art and is coupled to the material control device 
14 to selectively determine the volume of material to be 
drawn into the chamber by displacing the material control 
device a Selected distance. Once the material is drawn into 
the dispensing chamber, the Switching device 18 moves the 
Sealing device 20 to a Second position. The material control 
device 14 is then returned to its original position forcing the 
material from the dispensing chamber through the dispens 
ing tip 22 and onto the Substrate. 

Referring now to FIG. 2, the material control device 14 
can be seen in greater detail. In one embodiment, the 
material control device 14 comprises a Screw 30 and a piston 
32. Preferably, self lubricating materials and a fine threaded 
Screw for greater control of piston movement are used. The 
piston 32 may comprise a first portion 34 and a Second 
portion 36. The first portion 34 defines an opening 38 
containing engagement teeth 40 to receive and mate with the 
screw 30. The second piston portion 36 extends into the 
material control device chamber 58 (See FIG. 3). In a 
preferred embodiment, a piston with a diameter of 0.250 
inches is used. However, Smaller or larger diameters may be 
used depending upon the Volume of material to be dis 
pensed. Self lubricating and abrasive resistant materials are 
preferred. 

By connecting the material control device 14 to a Standard 
power control System, Such as a Servomotor, the rotation of 
the Screw 30 can be controlled so that when the Screw mates 
with the piston 32, the second piston portion 36 is drawn 
away from the dispensing chamber and back through the 
material control device chamber 58 to create a vacuum 
within the chambers. The displacement distance of the 
second piston portion 36 can be controlled by the number of 
turns made to the screw 30. By controlling the distance of 
displacement of the piston portion 36, it controls the amount 
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4 
of vacuum created in the chamber 58 and dispensing cham 
ber 52. This in turn determines the amount of material which 
is drawn into the dispensing device 16 as will be shown 
herein. 

Referring now to FIG. 3, the dispensing device 16, 
Switching device 18 and sealing device 20 of the present 
invention are shown in greater detail. The dispensing device 
16 comprises a housing 50 which defines a chamber 52 for 
receiving material from an opening 54 which is to be 
dispensed through a Second opening 60 and into a dispens 
ing tip 22. Extending the length of the chamber 52 is the 
sealing device 20. The sealing device 20 includes a first 
Sealing portion 62 and a Second Sealing portion 64 connected 
by interconnect arm 66. The entire sealing device 20 is in 
connection with the Switching device 18. The Switching 
device 18 may be implemented using a common Switch or 
preferably a pneumatic cylinder which can be controlled 
through Standard control Systems that are known in the art. 
The Switching device 18 could also be driven from a cam, 
a wedge or rack and pinion, or a motor and Screw, Similar to 
the device shown in FIG. 2. The sealing device 20 can be 
made from a range of material. For dispensing of abrasive 
materials, the Sealing device may be made from tungsten 
carbide, ceramic, or other hard materials (or a combination 
of the above). For non abrasive materials, a stainless Steel or 
other Suitable material may be used. 

It is preferred that the first sealing portion 62 of the 
Sealing device 20 be located in a position which Separates 
the opening 54 for the material entrance into the chamber 52 
from the material control device chamber 58 and the mate 
rial control device 14. In this manner, the first Sealing 
portion 62 can create a Seal between the material entrance 
opening 54 and the material control device chamber 58. In 
one embodiment, a retaining device 56 may be placed in the 
chamber 52 to assist in creating the Seal with the first Sealing 
portion 62 and also to prevent the first Sealing portion 62 
from rising to the level of the material entrance opening 54. 
The retaining device 56 may have tapered edges to assist in 
the Sealing process. The retaining device may be any of 
those known in the art. The first Sealing portion 62 may also 
be a ball and check valve or one of other similar Sealing 
devices known in the art. 
The Sealing device 20 has a Second Sealing portion 64 

connected by an interconnect arm 66 to the first Sealing 
portion 62. This Second Sealing portion 64 Seals the opening 
above the dispensing head or tip 22 to prevent material from 
dispensing from the chamber 52. The first sealing portion 62, 
Second Sealing portion 64 and interconnect arm 66 act in 
cooperation with each other So that when the Switching 
device 18 moves the sealing device 20 from a first position 
to a Second position, one of the Seals created by either the 
first Sealing portion 62 or the Second Sealing portion 64 is in 
an open position and the other Seal is in a closed position. 
The dispensing device 16, Switching device 18 and mate 

rial control device 14 can all be assembled and connected 
through various fastening means known in the art Such as 
clamps, Screws, bolts, pins, etc. In this manner, the entire 
assembly allows for easy construction, repair and cleaning. 

In an alternative embodiment, an adjustment device 80 
can be placed at the base of the dispensing device 16. The 
adjustment device allows for changes in the opening length 
for larger volumes of fluid flow. The adjustment device 80 
can comprise various known devices in the art Such as Screw 
on fasteners, twist caps, etc. 

Referring now to FIGS. 4A, 4B and 4C, the liquid 
dispensing device 10 of the present invention can be shown 
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in operation. FIG. 4A illustrates the initial purge position of 
the dispensing device 10 before any material is entered into 
the chamber 52. A simple spacer device (not shown) is 
placed between the Switching device 18 and the dispensing 
device 16. In doing So, this leaves the Sealing device 20 in 
a half open/half closed position. The first Sealing portion 62 
and the Second Sealing portion 64 do not complete or form 
seals anywhere within the chamber 52. In this manner, 
material to be dispensed can be sent into the chamber 52 
through opening 54 and pass through the entire length of the 
chamber 52 and exit through the dispensing tip 22 via 
opening 60. This process purges any air from the chamber 
prior to dispensing. 

After the initial purge is complete, the Switching device 
18 brings the sealing device 20 to the first position where the 
Second Sealing portion 64 Seals the opening 60 over the 
dispensing tip 22. In this position, the first Sealing portion 62 
does not form a Seal and therefore allows an open pathway 
for material flow from the material opening 54 and into the 
lower portion of the chamber 52. When the sealing device 20 
is in this position, the material control device 14 is com 
pressed a predetermined distance by the power control 12. 
This creates a vacuum to draw material through the material 
opening 54 and material Supply (not shown) into the cham 
ber 52. The liquid material can flow past the sealing device 
first portion 62 and past the retainer 56 and into the lower 
area of the chamber 52. Once the selected volume of 
material enters into the lower portion of chamber 52, the 
material cannot escape from the dispensing device 16 since 
the opening 60 for the dispensing tip 22 is Sealed by Second 
Sealing portion 64. Using Standard timing and control Sys 
tems known in the art, the Switching device 18 moves the 
sealing device 20 to the second position after the volume of 
liquid has passed the first Sealing portion 62. In this manner, 
the Second Sealing portion 64 is removed from the dispens 
ing opening 60 which can allow for the material to escape 
and be dispensed onto the substrate (not shown). When the 
Sealing device 20 and first Sealing portion 62 are in the 
Second position, the material control device 14 is returned to 
its initial position through the power control 12, preferably 
in the form of a servomotor. This returning force from the 
piston 36 and material control device 14 forces the liquid in 
the chamber 52 to be pushed through opening 60 and 
through dispensing tip 22 onto a Substrate. The interaction of 
the material control device 14, the Switching device 18 and 
the Sealing device 20 allows for a distinct metered amount 
of liquid or paste to be provided to the Substrate or depos 
iting Surface in a controlled manner. 

Having thus described at least one illustrative embodi 
ment of the invention, various alterations, modifications and 
improvements will readily occur to those skilled in the art. 
Such alterations, modifications and improvements are 
intended to be within the Scope and Spirit of the invention. 
Accordingly, the foregoing description is by way of example 
only. It is not intended as limiting. The invention's limit is 
defined only in the following claims and the equivalents 
thereto. 
What is claimed is: 
1. A liquid dispensing System comprising: 
a housing having an inner chamber; 
a material control device that is movable to draw a 

predetermined quantity of dispensing material into the 
inner chamber and to force the dispensing material 
from the inner chamber; 

a Switching device; 
a Sealing device disposed within the inner chamber and in 

communication with Said Switching device to move 
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6 
Said Sealing device between a first position, a Second 
position, and a third position; 

Said first position of Said Sealing device allowing Said 
material control device to draw a volume of material 
into Said inner chamber; 

Said Second position of Said Sealing device allowing Said 
material control device to force Said Volume of material 
from Said inner chamber; and 

Said third position of Said Sealing device allows purging of 
air from the liquid dispensing System prior to dispens 
ing. 

2. A dispensing System for dispensing a Volume of 
material, the dispensing System comprising: 

an inlet to receive the material to be dispensed from the 
dispensing System; 

an outlet from which material is dispensed; 
a housing: 
a piston disposed within the housing and movable 

between a first position and a Second position, the 
piston defining an inner chamber within the housing for 
containing the material, a Volume of the inner chamber 
being variable based on a position of the piston within 
the chamber; and 

a Sealing device that Selectively Seals the inlet and the 
outlet, the Sealing device being movable between a first 
position at which material is allowed to enter the inner 
chamber through the inlet, a Second position at which 
material is allowed to exit the inner chamber through 
the outlet, and a third position at which material is 
allowed to enter the inner chamber through the inlet 
and exit the inner chamber through the outlet to allow 
priming of the dispensing System. 

3. The dispensing System of claim 2, wherein the Sealing 
device is constructed and arranged Such that in the first 
position material is prevented from exiting the outlet, and in 
the Second position, material is prevented from entering the 
inlet. 

4. The dispensing System of claim 3, wherein the dis 
pensing System is controllable Such that the piston moves 
from the first position to the Second position after the Sealing 
device has been moved to the first position to expand the 
volume of the inner chamber to draw material into the inner 
chamber through the inlet. 

5. The dispensing system of claim 4, wherein the dis 
pensing System is controllable Such that the piston moves 
from the Second position to the first position after the Sealing 
device has been moved to the Second position to decrease the 
volume of the inner chamber to force material from the 
outlet. 

6. The dispensing System of claim 5, further comprising 
a first actuator that moves the piston between the first and 
Second positions and a Second actuator that moves the 
Sealing device between the first and Second positions. 

7. The dispensing System of claim 6, wherein the position 
of the piston within the housing at each of the first and 
Second positions is adjustable to vary the Volume of the inner 
chamber to vary the volume of material dispensed from the 
dispensing System. 

8. The dispensing System of claim 7, wherein the Sealing 
device is movable to a third position at which material is 
allowed to enter the inner chamber through the inlet and exit 
the inner chamber through the outlet to allow priming of the 
dispensing System. 

9. The dispensing system of claim 8, wherein the sealing 
device includes an elongated cylindrical arm having a first 
end and a Second end, the first end being adapted to Seal the 
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outlet when the Sealing device is in the first position and the 
Second end being adapted to mate with the Second actuator. 

10. The dispensing system of claim 9, wherein the sealing 
device further includes a Sealing portion disposed between 
the first end and the Second end that is adapted to Seal the 
inlet when the Sealing device is in the Second position. 

11. The dispensing System of claim 2, wherein the dis 
pensing System is controllable Such that the piston moves 
from the first position to the Second position after the Sealing 
device has been moved to the first position to expand the 
volume of the inner chamber to draw material into the inner 
chamber through the inlet. 

12. The dispensing System of claim 2, wherein the dis 
pensing System is controllable Such that the piston moves 
from the Second position to the first position after the Sealing 
device has been moved to the Second position to decrease the 
volume of the inner chamber to force material from the 
outlet. 

13. The dispensing System of claim 2, further comprising 
a first actuator that moves the piston between the first and 
Second positions and a Second actuator that moves the 
Sealing device between the first and Second positions. 

14. The dispensing System of claim 2, wherein the posi 
tion of the piston within the housing at each of the first and 
Second positions is adjustable to vary the Volume of the inner 
chamber to vary the volume of material dispensed from the 
dispensing System. 

15. The dispensing System of claim 2, wherein the Sealing 
device includes an elongated cylindrical arm having a first 
end and a Second end, the first end being adapted to Seal the 
outlet when the Sealing device is in the first position and the 
Second end being adapted to mate with the Second actuator. 

16. The dispensing System of claim 15, wherein the 
Sealing device further includes a Sealing portion disposed 
between the first end and the Second end that is adapted to 
Seal the inlet when the Sealing device is in the Second 
position. 

17. A method of dispensing a volume of material from a 
dispensing System having an inner chamber with an adjust 
able Volume, the inner chamber having an inlet to receive the 
material and an outlet from which the material is dispensed, 
the method comprising Steps of 
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opening the inlet and the outlet to allow material to flow 

through the dispensing System to purge air from the 
chamber; 

closing the outlet to prevent material from exiting the 
outlet; 

increasing the Volume of the inner chamber to draw 
material into the inner chamber through the inlet, 

closing the inlet, 
opening the outlet; and 
decreasing the Volume of the inner chamber to dispense 

the material from the outlet. 
18. The method of claim 17, wherein the step of increas 

ing the Volume includes a step of creating at least a partial 
vacuum within the inner chamber to draw the material into 
the inner chamber. 

19. The method of claim 18, wherein: 
the Step of increasing the Volume includes a Step of 

increasing the Volume by a predetermined amount; and 
the Step of decreasing the Volume includes a Step of 

decreasing the Volume by the predetermined amount So 
that the Volume of the material dispensed is equal to the 
predetermined amount. 

20. A dispensing System for dispensing a volume of 
material, the dispensing System comprising: 

an inlet to receive the material to be dispensed from the 
dispensing System; 

an outlet from which material is dispensed; 
a housing having an inner chamber, coupled to the inlet 

and the outlet, having a volume; 
means for purging air from the inner chamber; 
means for increasing the Volume of the inner chamber to 

draw material into the inner chamber through the inlet, 
and 

means for decreasing the Volume of the inner chamber to 
dispense material through the outlet. 

21. The dispensing System of claim 20, wherein the means 
for purging includes means for Simultaneously opening the 
inlet and the outlet to allow material to flow from the inlet 
through the chamber and out of the outlet. 

k k k k k 


